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TECHNICAL NOTE NO. 561

FULL-SCALE WIND-TUNNEL TESTS TO DETERMINE A SATISFACTORY
LOCATION FOR A SERVICE PITOT~STATIC TUBE
ON A LOW-WING MONOPLANE

By John ¥. Parsons
SUMMARY

Surveys of the air flow over the wupper surface of
four different airfoils were made in the full-sascale wind
tunnel to determine a satisfactory location for a fixed
pitot-static tube on a low~-wing monoplane. The gelection
was based on small interference errors, less than 5 per-
cent, and on a consideration of structural and ground-
handling problems. The most gsatisfactory location on the
alrfoils without flaps that were investigated was 10 per-
cent of the chord aft and 25 percent of the chord above
the trailing edge of a gection approximately 40 percent of

the semispan inboard of the wing tip. No satisfTactory
location was found near the wing when the flaps were de~
flected,

INTRODUCTION

The location of the air-speed head or pressure sle-
ment of an air-speed indicator is of considerable impor-
tance if it is to record accurately the speed of the air-
plane relative to the undisturbed ailr. 1In general, the
practice with low-wing mon0p1anes has been to locate the

pressure element immediately in front of the airfoil. Al-

though it is evident that this position is prodbadbly the

most convenient, it is also known that for this position
the interference effect of the wing is considerable. By
reason of the velocity field set up by the motlon of the

airplane through the air, thore nrobably is no pos1t10n
immediately adjacent to the alrplane at which the pressure
at the air~specd head will not boc affected for some atti-
tude of flight. 1In ordor to prevent damage in ground
handling and to simplify the supporting structure, the el-
ement should be installed near the airplane in & protected
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location at which the installation error will be small for
all attitudes of flight.

The results of previous related investigations (ref-
erences 1, 2, and 3) are in casual agreement and indicate
that the most likely location is somewhat aft and above
the trailling edge of the airfoil at a section inboard from
the wing tip.

At the reguest of the Bureau of Aeronautiecs, Navy De-
partment, tests were conducted in the fuli-~scale wind tun-
nel to determine the best serviceabdle location on a low=—
wing monoplane for the ailr-speed head. Air-flow surveys
wore accordingly made over the upper surfacesg of four d4if-
ferent airfolls in a plane approximately 40 percent of the
semispan inboard of the wing tlp. In additlion, surveys
were made to determine the feasibility of a wing-tip
mounting such as that deseribed in reference 4,

APPARATUS AND TESTS

The tests conducted were in the form of surveys made
in the full-scale wind tunnel with the survey equipment.
(See reference 5.} The pressure element used ip the sur-
veys was an N.A.C.A., type, hemispherical-nose pitot-static
tube. Thege surveys were made over the upper surfaces of
four different airfoils: a U.S.A. 45 airfoil of elliptical
plan form mounted on a mock-up of. a YO-31lA airplane (fig.
1); a 2:1 tapered U.S.A. 45 airfoil (fig. 2); a rectangular
N.A.C.,A. 23012 airfoil (fig. 3); and an N-22 girfoil
egquipped with a 30 percent chord Zap flap mounted on a
Fairohild 22 airplane (fig. 4). The hinge axis of the
flap was at 80 percent of the wing chord and the flap an~-
gle was 59° when the flap was open.

F

Surveys were made with the airfoils at 00 yaw and 0°
roll and at four angles of attack,; covering the normsl-
flight range, for each airfoil and for the open and closed
flap positions on the N-22 airfoil. The surveys consisted
of the measurement at numerous points in a plane parallel
to the direction of air flow and to the plane of symmeiry
of the airfoils of the dynamic pressure indicated by a -
pltot=static tube whose axis was at all times parallel to
the airfoil chord. The surveys of the elliptical wing .
were made at three lateral stations, an inboard station
approximately 40 percent of the. semispan from the wing
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tip, and at stations approximately 4 percent of the semi-
span inboard and outboard of the tip. 4s the air-speed
head would be subject to damage in ground handling for all
the locations near the wing tilp in which the installation
error is small, the surveys of the remdining airfoils were
confined to the ianboard station, approximately 40 percent
of %the semispan from the wing_ tip. All surveys were run
at an air speed of approximately 55 miles per hour, or at
an average Reynolds Number of approximately 3,350,000.

A typical test set-up is shown in figure 5. Table I
gives the section ordinates of the wvarious a{rfbiis at” %he
survey statlons. -

RESULTS

The results of a portion of the surveys, those for
the highest and lowest angles of attack tested, are shown
plotted in contour form in figures 6 to 19, The contours
are representative of values of Q/qtrue (the ratio of

the indicated dynanic pressure at the survey point to the

dynamic pressure of the undisturbed air flow) and are plot-—

ted for the position of the survey p01nts in percentage of
the wing chord. The coordinate axes are parallel and per-
pendicular to the airfoil chord with their origin at the
trailing edge. Summary curves presentlng the results_for
each wing throughout the angle-of-attack range investigat—
ed are given in figures 20 to 25. These sUMMATYy curves
show the contour Q/qtrue = 1,00 and the area in which

the installation error does not exceed 5 percent. Figure
26 is a composite curve showing the area common to all the
airfoils at all the angles of attack investigated in which
the installation error is within 5 percent.

DISCUSSION

The values of g as measured are approxlmately cor—
rect although some angularity of the air flow may exist;
i.es, by reason of compensating errors in the total and
static pressures, the calibration of the pitot-static tube
used is little affected by pitch (approximately 1 percent
error in q for 20° pitch). Although the direction of

air flow relative to the air-speed head has not been deter-

mined for this investigation, it appears from other tests
(reference 1) that this angularity would not exceed 10°
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for the regions in which satisfactory installations could
be made. TFor service. heads insensitive to an angularity

of this order, these results are directly .applicable.

For heads in which pitch materially affects tho calidbra~

tion, consideration should be given to the angularity of

the gir flow for the specific case. -The static pressure

may Dbe somewhat in error. even though g is correct.. . -

The surveys made outboard of the wing tip (figs. 6,
7, and 20) show a region forward of the wing tip in which
the installation error is less than *5 percent. An instal-
lation in this unprotected area would be unsatisfactory,
however, because of the possibility of damage in ground
handling. —-—

The possibility of a satisfactory installation of a
fixed pitot~static tube at a small distance inboard of the
wing tip 1s remote, as may be seen by 1nspection of fig-
ures 8, 9, and 21. The effect of the wing-tip vortex
seems to preclude any satisfactory location in this region. 7

The inboard surveys (figs. 10 to 17) show much less !
movement of thercontour Q/qfrue = 1.00 wlth an increase K

in angle of attack than do the surveys at the wing tip and L
indicate the possibility of some location aft of the air-
foil common %to all the airfoils tested at which the inter-
ference error would be less ‘than 5 percent.

The surveys for the %-22 airfoil with the 30 percent
chord Zap flap in the open position (figs. 18 and 19) when
compared with the surveys with the flap closed (figs. 16
and 17) show the effect of the flap on the contcurs of
A/ g pye These surveys show that no likely position adja-

cent to the airfoil was found. It is interesting to note,
however, that for the position chosen as satisfactory for
the airfoils without flaps, the ratio of Q/qtrue remains

constant (1.41) for all values of the angle of attack for
the flap~down condition,.

Svmmary curves for the inboard station surveys on the
airfoils tested are given in figures 22 to 25,  These
curves show the aree in which a satisfactory installation
could be made for the angle-~of-attack range investigated, -
It 1is obvious that a considerable area aft and above the
tralling edge of the airfoil is available for a location -
at which the interference or installation error is less -
than X5 percent, an arbitrary value considered to be the
limit for a satisfactory installation. - : o -
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The summary curves of figures 22 to 25 have been
grouped into one composite figure (fig. 26) to show the
available area at an inboard station in which & satis-
factory installation could be made. The solid line of
figure 26 approximates the median line of this area. The
results of previous investigations (references 1, 2, 3, and
unpublished results of flight tests conducted by the T
N.A.C.A,) are also plotted in figure 26 and lie within the
area shown to be satisfactory by this investigaftion.

From the present investigation it can therefore bdbe
concluded that, for the airfoils tested, a satisfactory
location for the air-spesed head or pressure element of an
air-specd indicator is at a section approximately 40 per-
cent of the semispan inboard of the tip and 10 percent of
the section chord aft and 25 percent of the section chord
above the trailing edge of this section. In the installa-
tion of a service head at this location, the effect of
pitch upon the calibratlon of the individual head must be
considered, This installation position seems to offer mno
particular difficulty from structural considerations. 1In
order further to eliminate the possibility of damage while
on the ground, the element might be hinged to permit fold-
ing over the wing. The proximity of. the ailerons to the
location chosen as satisfactory by this investigation may
cause an error in the air-gpeed reading upon aileron de-—.
flection. The effect of a momentary deflection of the ai-
lerons will probably be negligible; however, for a sus-— -
tained aileron deflection, as 1n a sideslip, an error in
the indicated air speed.will doubtless result.

CONCLUSIONS

l, Fhen interference errors as well as structural
and ground-handling problems are considered for the air-
foils tested, a satisfactory location for the alr-speed
head or pressure element of an air-speed indicator on a
low-wing monoplane would be 10 percent of the chord aft
and 25 percent of the chord above the trailing edge of a
section approximatoly 40 percent of the semispan inboard
of the wing tip.

2. The effect of the wing-tip vortex and the possi-
bility of damage in ground handling seems to render Inad-
visable any installation of the air-speed head near the
wing tipe.



velocity field around the airfoil is to increase the ve-
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3. The effect of the split trailing-edge flap on the v

locity above and aft of ‘the wing and thersby to permit of
no satisfactory location adjacent to the airfoil,

Langley Memorigl_Aeronautical Laboratory,

4o

Se

National Advisory Committee for Aeronautics,
Langley 'Field, Va., February 28, 1936.
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TABLE 1

SEOTION ORDINATES AT SURVEY STATIONS
{sgction ordinaten in perocentage of ohord}
{B‘ta.tiona in percentage of chord from L. E.}

Elliptioel plen form 2:1 tapered Reotangular N-22
Atrfoll.......oennen T, B, K. b5 U. 8. Ay N. A. C. A, 23012{ with Zap flap
BIZ@....oicecicnrnne 7.38 (mean chord) by 45.75 £ 7*12;_ l‘{;}g:’:‘:ﬂ} 6 by 36 ft. 5%11- %gﬁ;; :::er)
Survey station £rom | 13 gy 3/ 1,|22 £0, 3/ 200 | 23 £5. O 4n, 1 £t. 0 in 9 5. 4 1n,
ALlTIOll Genuer 1L1n6.

Ohord....... Ceeeians B b, 3-13/32 in.[3 £4.5~15/32 tn. |7 £%.2-1/32 in. 6 ft, O in. 5 ft., 6 in.
Station Upper| Lower|Upper|Lower |Upper| Lowex Upper | Lower Upper | Lower
0 1.76 1.76 1.5“‘ 10 !'l' 1.63 1-63 - 0 3-}6 3.36
1.2 4,12} .36| 2.47 .31 32.9% 23 2.67| ~1.23 5.60] 1.80
2.5 5. 1 --UZ .52 o1 5-% "-2!'1' -61 "1.;1 6.% loag
5 7. 6 "16 .5% -.1 ;o —lso 091 ""'2' 6 Bouo .
7-5 9.16 "'.97 5-3 "-E% l19 "'1-10 E-so "‘2-61 9.50 .36
10 10,29| -1.21{ 5.89| -. 10.29} -1,37 M3 [ ~2,92 10.32 18
15 11.77}=1.541 6.66] ~.75 |11.80( -1.74 7.19 | =3.50 11.44 .06
20 12- -1.72 7-19 "'.92 12-72 "‘1-8& 7.?0 _3197 12.19 'm
25 12-56 "'1.63 7.F5 '—10(}6 LGg!’i' -1.93 7.00 -4.25 120—5 oﬁ?
38 12-6“’ -1-91 7.27 "1-13 12.7"’ -2.06 7.5& "htu‘s 12. 2 -05
11,731~1.95] 7.60(|=1.18 [11.70} -2,09 '6(.1 -4 18 12,12 .20
zg 10.351{=1.90 g.oo -1.11 [10.30} -2,02 | =417 11.36 28
8. 2 _1032 -05 "'1.01 8.61 -I-Ell' E-I‘ri -3.67 9.76 .3
70 6.701-1.011 4,B85| .88 | 6.66] -1.55 »36 | ~3.00 7.86 .26
80 h,631-1.02] 3.83] -.68 | 4,58] -1.12 3,08 | -2.16 5.641 L1k
90 2.37 “-5& 1-86 bk ] 2! 2 e 1‘68 -1-23 30&) ;0"1‘
95 1.22 "‘-32 1.0'6 —l36 1-21 -.'4-2 .92 "'-70 1-50 l%
100 10| ~.10f .22] ~.22 .1 ~-.1}4 - 0 L) - o
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Figure l.- The survey stations for the mock-up of

the YO-31A airplane with U.S.A. 45 air-

foil of elliptical plan form.
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Figure 2.— The survey station for the 2:1 tapered U.S.A. 45 airfoil.
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Figure 3.— The survey station for the N.A.C.A. 23012 airfoil.
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T gure 6.~ Y0-31A Mock-up. Wing: 7.38 (mean chord) by 45/% 4., US.A. 45 section profile,
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at survey stetion: 3 ft. 5 15/32 in, Pitot axis parallel to wing chord, Coordinates in per-
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Flgure 9.~ Y0-31A mock-up. Wing: 7.38 (mean chord) by 45.75 ft., U.S.A. 45 section profile,

elliptical plan form. Survey station: 0.036 semispan inboard of wing tip. Chord
et survey station: 3 f%. 5 15/32 in. Piltot axis parallel to wing chord. Coordinates in per-
centage of chord. Contours of q-/qtrue’ a = 15.9°, Cp, = 1.345
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Figure 1N.- Y0~314 mock-up. Wing: 7.38 (mean chord) by 45.75 f£t., U.5.A. 45 sectlon profile,
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Figure 11l.~ Y0-31A mock-up. Wing: 7.38 (mean chord) by 45.75 ft., U.5.A. 45 section prof’ile;
elllptical plen form. Survey station: 0.429 gemispen inboard of wing tip. Chord
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Figure 16.- Fairchild 22 with Zap flep. Wing: 5.21 (mean chord) by 32.83 ft., N-22 section profile,
rectangular (rounded tip) form. Zap flap: chord, 1.65 f£%., total flap area, 44.0 sq. ft.,
flap closed, 8¢ = 0%, hinge axis at 70 percent chord. Survey station: 0.431 semispan inboard of wing
tip. Chord at survey etation: 5 ft. 6 in. Pltot axis parallel to wing chord. Coordinates in per-
centage of chord. Contours of q-/qtrue , & = ~0.89, Cp, = 0.37
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Figure 17.~ Falrchili 22 with Zap flap. Wing: 5.2) (mean cherd) by 32.83 ft., N-22 sectlon profile,
rectangular (rounded tip) plan form. Zep flap:chord, 1.65 f£t., total flap area, 44.0
sq. £t., flap closed, 8¢ = 0°, hinge axis at 70 percent chord. Survey station] 5 ft. 6
in. Pitot axis parallel to wing chord. Coordinates in percentage eof chord. Centours
of ¢/qtrper @ = 17.0°%, Cp = 1.420.
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(iean chord) by 32.83 ft., §-22 saction
plan form. Zep flap. chord, 1.65 ft.,
hinge axis at B2 perceat chord.
Chord at survey station: 5 fi. 6 in.
percentage of chord. Contours of

Fisure 18.- Fairchild 22 with Zap flap. Wing:5.21
profile, rectansular (rounied tip)
total flap area, 44.0 sq. ft., flap open, 8f = 59°,
Survey station: N.431 semigpan inboard of wing tlp.
Pitot axis parallel to wing chord. Coordinates in

9/ drye, o = -1.9°, Cf, = 1.286
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Figure 19.— Fairchild 22 with Zap flap. Wing,5.21 (mesn chord) by 32.83 ft., §N-22 section
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area, 44.0 sq.ft., flap open, 8¢ = 53%, hinge axis at\B0 percent chord. Survey statiom, 0.431
semispan inboard of wing tip. Chord at survey station,y 5 ft. 6 in. Pitot axia parallel to wing
chord. Coordinates in percentage of chord, Contours of qthrue' o = 15.9° » Gp, = 2.38Q
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Q/Q.true . CL
1.00 -0.4° 0,158 F7773  alay,qq Within ¥5 percent of 1,00
—_—— — 1,00 4% 540 o alt0s .07 o ~0.4° to 4.7°
e 1.00 10.7° .989 '

AN 0/ Qypye Within 5 percent of 1.00
at a1l values of o

———————— 1.00 15.9° 1.345
Figure .20.- Y0-3lA mock-up. Wing: 7.38 (mean chord) hy 45,75 ft., U.S.A. 48 section profile,
elliptical plan form. Survey station: 0.043 semlspan, outboard of wing tip. Co-
ordinates in percentage of chord at statlon 0.036 semispan inboerd of wing tip. & ft. O 15/32 in.
chord. Pitot axis parallel to wing chord.
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NN within 5 percent of 1.00
““““““““ 1.00 15.9° 1.246 k\‘“ ggusa.lues of a , 4.7° to 15.9°

Figure 21.- Y0-314 mock-up. Wing: 7.38 (wedn chord) by 45,76 £t., U.5.A. 45 section profile,

alliptical plan form. Survey statlion: 0.036 semispan inboard of wing tip. Chord .
at survey station. 3 ft. 5 15/32 in. Pitot axis parallel to wing chord. Coordinetes in per-
centage of chord.
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Fipgure 22.- YO-31A mogl-up. Wing: 7,38 (mean chord) by 45.75 ft., U.S.A. 45 section profile,

elliptical plad form. Survey etation: 0.429 semigpan inboard of wing tip. Chord
at survey station: 8 ft, 3 13/32 in. Pitot axis parallel to wing chord. Coordinates in per-
centage of chord.
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Tlgure 23.-

U/ dgrye ° Cy,
1.00 -0.5 0.240
1.00 4.7° 612
1.00 10.8° 1,043
1.00 16.3° 1.300

V7 af Qgppe Within A6 percent

of 1.00 at values of o ,
~0.5% to 4,7

NN o/ @4rye within +5 percent
of 1.00 at all valuesg
of a

2'1 tapered U.S.A. 45 airfoil, 7.38 (mean chord) by 45.75 ft. Survey astation: 0.432
gomigpan inboard of wing tip. Chord at survey station. 7 ft. 2 in. Coordinates in
percentage of chord. Pitot axis parallel to sirfoil chord.
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Q/qtrue o Gy,

1.7%) -0.2°  0.070

1.00 5.3°  .466 | |

1.00 1.6 - 940 | -m ;q/ Qgpue Within 5 percent of 1.00
o = | at all valuee of o .

1.00 17.1°  1.337 : |

Figure 4. Hectepgular ¥.A.C.A. 23012 sirfoil, 6 by 36 ft. Survey station: 0,389 semispan inboord

of wing tip. Pitot axis parallel %o eirfoil chord. Coordinates in percentege of chord.
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—_—— 1.
——————— 1.00
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11,2°
17.0°

0.376
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V77l q}fu;rue wlthin 45 percent of 1.00
at values of a , -0.8° to 4.7°

NN 0/ Qe Within 5 percent of 1.00

at 21l values of «

Figure 25.~ Fairchild 22 with Zap flap. Wing: 5.2l (mean chord) by 32.63 ft., ¥-22 pection

profile, rectangular (rounded tip) plan form. Zap flap: chord, 1.65 ft., total,
flap area, 44.0 sq. f%., flap closed, 8¢ = 0%, hinge axis at 70 percent chord. Survey ste-
tion: 0.431 semlspan inboard of wing tip. Chord at survey gtation: 5 ft. 6 in. FPltot.axle .
parallel to wing chord. Coordinates.in percentage of chord.
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N.A.C.A., Technical Note Ko, B61 Fig 26

| : s ! ! i i I I
Boundaries of 5 percent installation error |

2:1 tapered U.S.A. 45 airfoil

------- Rectangular N.A.C.A. 23012 airfoil o

—— -~ —— Elliptical U.S.A, 45 airfoil on YO-31A mock-up

—— — —— N-22 airfoil with Zap flap, 6¢ = 0°, on
Fairchild 22 alrplane
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installation error is less than 15 percent
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| at all angles of attack. —
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Distance aft of trailing edge in percentage of chord
Figure 26,~ Area for installation of the pressure element of an
air-speel indicator on a monoplane at a section 40
percent of semispan inboard of wing tip.



